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The presence of genotype by environment interactions among repli-
cated field trials is a problem frequently encountered in plant breed-
ing work. Such interactions occur when two or more genotypes fail to 
behave consistently in relation to one another under differential 
environmental conditions. Therefore, when the breeder tests lines or 
varieties (or both) to determine their relative performance, it is 
important for him to adequately sample the environments under which 
those gefiotypes are expected to be grown. The number and distribution 
of those test environments will depend largely upon which interactions 
are important and on their relative magnitudes. In replicated field 
trials, environments are connn.only subdivided into years and locations. 
It is the responsibility of the breeder to determine and use the best 
combination of those two variables in testing his material. 
Large and statistically significant interactions for a character 
indicate that conclusions as to the relative merits among a set of 
genotypes for that character in one environment may not hold in another 
environment. If genotype by year interactions are important, it is 
essential that testing be conducted over as many years as will ade-
quately sample yearly variations. If genotype by location interactions 
are prevalent, the breeder may have to subdivide the area in question 
for breeding and testing purposes with the result that a different 
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variety or varietal type would be recommended for each subdivision. 
Since most breeders attempt to develop varieties as widely adapted as 
possible, it is imperative that the testing locations differ in such 
factors as available moisture, fertility levels, and soil type, Large 
genotype by location interactions would hinder efforts to develop a 
variety superior throughout the area in question. If genotype by loca-
tion by year interactions are important, tests in multiple environments 
are necessary. However, this interaction implies nothing as to how 
those tests should be distributed over years and locations. Examina-
tion of the first-order interactions should show whether years or loca-
tions or both should be emphasized. If neither of the first-order 
interactions are important, it is probably of benefit to the breeder to 
stress locations rather than years since to do so would increase his 
breeding progress per unit of. time by allowing more frequent selections 
to be made per unit of time, assuming the same amount of test informa-
tion. 
However, if one or more of the genotype by environment interactions 
are not important within the breeding area, the number of tests can be 
reduced since implications made in one or a few environments will apply 
equally as well in numerous ones. This also implies an accompanying 
reduction in experimental cost and time required for the breeder to 
determine the potential utility of a strain or variety. As a result, 
more lines or varieties can be screened than would be possible other-
wise, thereby increasing the probability of obtaining superior germ-
plasm .. 
At the present time in Oklahoma, upland cotton (Gossypium hirsutum 
L.) is grown over a wide range of environments under both irrigated and 
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dryland conditions. The Oklahoma Agricultural Experiment Station 
spends considerable time and effort in the evaluation of varieties and 
strains of cotton. This evaluation could be conducted in a more 
scientific manner if it were determined which traits of cotton are most 
influenced by genotype by environment interactions in Oklahoma, how 
many tests are required to determine relative performance for those 
traits, and how those tests should be distributed over locations and 
years. A preliminary study of this type has previously been conducted 
within the state. The primary purpose of this research is to confirm 
or contradict the earlier work using more recently developed varieties 
and an expanded number of test locations. A character not reported 
previously, uniformity ratio, will also. be included in the study. 
Attempts will be made as well to.determine how irrigated versus dryland 
conditions affect genotype by environment interactions. Secondary aims 
include the estimation of the degree of bias encountered when tests are 
analyzed over a limited number of locations and years and of the effect 
of varietal number on the magnitudes of the interaction effects. 
CHAPTER II 
REVIEW OF LITERATIJRE 
Genotype-Environment Interactions in General 
Although plant breeders have long been aware of the existence of 
genotype by environment interactions in field experimentation, only 
recently have quantitative methods been used to estimate their magni-
tudes. In 1951-52, Comstock and.Robinson (11,12) recognized the fact 
that variances resulting from the interaction of genotype and environ-
ment are frequently sources of upward bias in estimates of gene·tic 
variance, and they proposed the use of a components-of-variance"method 
assuming a random sample o~ years and locations to arrive at more pre-
cise estimates of those effects .. Hanson (19) studied biases introduced 
when data were analyzed as though they had been collected: from a rando:n 
sample of environments when in fact they came in a non-random fashion 
from a universe of environments. Through the use of intraclass cor-
relations, he determined that one should be able to analyze associated 
environments as random.effects without unduly biasing the estimates of 
genetic components, provided that present methods are used to select 
locations. 
Comstock and Robinson (11) demonstrated that satisfactory agree-
ment existed between actual sample estimates of variance components and 
estimates computed assuming normality and homogeneity of variances. 
4 
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Kelleher, Robinson, and Comstock (23) considered the effects of non-
normality and lack of homogeneity of variances on the precision of 
variance component estimates when the precision had been estimated 
previously on the basis of those assumptions. The estimates were gen-
erally unaffected by non-normality up to the level considered. It was 
also concluded that the variability of estimates of the components can 
be computed with the assumption of common variances in parent distri-
butions if sampling is conducted within years, 
Mather and Jones (26) described the interaction of genotype and 
environment in terms of genetic parameters when one gene pair was in-
volved in two environments. This simple case was then extended to in-
clude three or more environments. and multiple gene pairs. Haldane (15) 
characterized the types of interaction possible between two stocks and 
two environments. For the more general case of m genotypes and n 
environments, he suggested that there are (mn)~/(m~ n!) possible types 
of interaction, although the breeder or geneticist may not be concerned 
with or be able to detect each one individually. 
Hanson, Robinson, and Comstock (18) used a procedure to eliminate 
bias due to genotype-environment interactions in estimates of genetic 
variance for two characters in Korean lespedeza. By the use of the 
analysis of variance, the components of variation due to interaction 
were separated from the genetic component of variance, and accurate 
estimates of broad:'.'"sense heritability and gene tic advance were. obtained. 
This procedure has been described by others and can be extended to 
varietal testing for the purpose of estimating the importance of 
genotype-environment interactions (4,10,12,13), Comstock and Moll (10) 
have pointed out several advantages in getting precise estimates of 
the magnitude of genetic variation. They felt it unnecessary to obtain 
estimates of this parameter for every genetic population in a breeding 
program because reasonably accurate inferences could be made from a 
limited number of good estimates in similar material, 
Alla~d and Bradshaw (6) considered genotype by location inter-
actions to be in the predictable category of environmental variations 
and the genotype by year and genotype by location by year interactions 
to be unpredictable, The latter group was thought to be more "inter-
esting" to the plant breeder since the effects of those interactions 
are more difficult to combat, 
According to the analysis of variance for a typical variety trial, 
the number of replications, locations, and years must each be a minimum 
of two for one to obtain unconfounded estimates of the principle inter-
action components (10), This does not mean, however, that field trials 
should consist of this absolute minimum, Sprague and Federer (37) 
considered it important to use fewer replications per location with an 
increase in number of locations and years if cost was not a factor, 
Jones,,Matzinger, and Collins (22) generally agreed with this viewpoint 
stating that the optimum plot allocation for tobacco for proper variety 
evaluation was two years with five locations per year and three repli-
cations per test, 
Matzinger (27) noted that where genetic material is grown in a 
limited area of adaptation, the magnitude of the genotype by location 
interaction was small and the second-order interaction for yield was 
the predominant type regardless of the species and without regard to 
whether the product was vegetative, lint, or seed, He suggested that 
it might be simpler to analyze such experiments as genotypes and 
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environments with no distinction being made between years and locations. 
Knowledge of the basic causes of unfavorable genotype-environment 
interactions would be helpful to the breeder in developing "genetic 
cures" (6). As yet, however, the best means for coping with unpredict-
able fluctuations in environments has been to increase the genetic 
variability in a population or to create population buffering which 
will give the variety or strain stability over a wide range of environ-
ments (5). 
Genotype-Environment Interactions in Cotton 
The importance of genotype-environment interactions has been 
ascertained in such crops as corn (37), ,soybeans (21,36), oats (20), 
tobacco (22), sorghum (24), small grains (25), lespedeza (18), and 
others. In cotton, early studies with highly heritable characters 
have shown that, in general, varietal or genetic variances overshadow 
variances due to environment or to genotype-environment interactions. 
Relative varietal differences among such characters as oil, nitrogen, 
and protein content of the seed (16,34); lint percentage and boll 
weight (28,29,30); seed fuzz (34); and fiber and spinning properties 
(7,17,34) have been fairly stable over locations and years. Lowly 
heritable traits, particularly yield, have been affected to a greater 
extent by differential environments. For this reason, a rather lengthy 
discussion of lint yield will be presented, followed by a review of 
the more important fiber traits in cotton. The terms "significant" 
and "highly significant" will be used henceforth to designate the 0.05 
and 0.01 probability levels of statistical significance, respectively, 
unless otherwise stated. It should also be understood that some bias 
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may well exist in comparing results of certain traits obtained by var-
ious workers due to differences in their scales of measurement for 
those traits. 
Lint Yield 
Al-Jibouri, Miller, and Robinson (3) evaluated 92 F3 progenies 
derived from an interspecific cross at two locations in North Carolina 
within a single year. They found the variance due to the interaction 
of progenies and locations made up 16% of the total phenotypic variance 
for lint yield (the highest percentage among the traits studied), 
Miller et al. (30) also in North Carolina estimated variance components --
for three different populations grown at two locations over two years, 
The ge,petic components •Of variance were considerably larger than the 
interaction components except in one population where the progeny by 
location by year component was of sufficient magnitude to be of im-
portance. Murray and Verhalen (31) tested 62 breeding lines for two 
years at two locations in Oklahoma. The combined interaction components 
of variance were larger than the genetic component which led the authors 
to suggest that testing in multiple years or locations or both would 
enable more accurate differentiation of relative lint yield among 
lines. However, estimates of the relative efficiency of two versus 
one year's testing before making selections indicated that selections 
should be made at the end of each year to maximize selection progress 
per unit of time. 
Richmond and Lewis (35) in the Brazos River Valley of Texas. found 
a highly significant mean square for the variety by year interaction 
when 16 varieties were grown at the same location for two years. A 
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more extensive study in North Carolina by Miller, Williams, and 
Robinson (29) of 15 varieties at nine locations for three years indi-
cated that first-order interactions were small and non-significant 
while the second-order interaction was of sizable magnitude and highly 
significant. From these data the necessity of testing cotton varieties 
over several environments was strongly suggested, However, because of 
the lack of importance of the variety by location interaction, a sub-
division of the state for breeding and testing purposes was deemed 
unwarranted. Results which approach those found in North Carolina 
have been reported by Bridge, Meredith, and Chism (8) for the 
Mississippi Delta. After eight varieties were grown at three locations 
for three years, it was determined th~t no subdivision of the area was 
necessary. However, the authors pointed out that a test composed of a 
broader base of varieties than what they utilized might be more accu-
rate in detecting genotype-environment interactions, Walton (41) 
reported similar findings with respect to lint yield in Uganda where 
he tested five varieties at 13 locations over three years, He agreed 
with Miller et al, (29) that the significance of second-order inter-
~ ~ ' 
actions indicated that a differential varietal response existed under 
different environmental conditions and that those conditions were not 
associated with the influence of either location or year.alone but 
were a result of particular combinations of both, 
Sixteen varieties were evaluated by Miller, Robinson, and Pope 
(28) at 11 locations from North Carolina to Texas over three years for 
the purpose of sampling a wider range of Cotton Belt environments, The 
second-order interaction component of variance was large and highly 
significant while the first-order interactions were small, although the 
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variety by location component was significant .. A reanalysis of the 
data omitting the three Texas locations reduced the variety bylocation 
component to the extent that it was nonsignificant,.resulting in the 
conclusion that the major portion of the variety by location interaction 
was due to those three locations. In the most extensive investigation 
of genotype-environment interactions yet undertaken, Abou-El-Fittouh, 
Rawlings, and Miller (2) studied four varieties in 101 environments 
representing 39 locations across the Cotton Belt, The data indicated 
that the variety by location and variety by location by year inter-
actions were larger than the genotypic variance while the variety by 
year interaction was of little importance, When each region of the 
Cotton Belt was analyzed separately, the variety by location inter-
action decreased in relative magnitude; and the second-order inter-
action became more important,. and in one case (the Plains region) it 
exceeded the genotypic compone.nt ·of variance, 
.Murray and Verhalen (32) analyzed the relative performance of 11 
varieties of cotton over three years at three locations in Oklahoma. 
Their results suggested a subdivision of the state (possibly into dry-
land and irrigated production areas) for testing and breeding purposes 
due to the presence of a large and significant variety by location 
interaction. The second-order interaction was of substantial size and 
highly significant, conforming to the results of most other research 
workers. In a diallel analysis involving 10 varieties of upland 
cotton grown in Oklahoma for two years at one location, Verhalen etal. 
(40) tested the specific assumption of no genotype by year interactions 
for the additive and dominance components of variation, For lint 
yield no significant mean squares were found for either component, A 
location effect was confounded in these results, however, since only 
o~ location was utilized in the experiments. 
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Miller et aL (29) suggested that differential varietal response 
among individual tests might be due to patterns of rainfall distribution 
and insect infestation. Abou-El-Fittouh et al, (2) considered temper-
ature to be the major environmental factor associated with genotype by 
environment interactions for lint yield,, Elevation, available mois'"' 
ture, insects, diseases, and soil fertility were considered less 
important. In an attempt to minimize genotype by location interactions 
for yield within a specific geographical area, Abou-El-Fi.ttouh, 
Rawlings, and Miller (1) divided the Cotton Belt into zones through the 
use of cluster analysis, . As a result, the boundaries of tl:teci t'1l'.esent 
zoning system were modified somewhat, one such difference being the 
shifting of Stillwater, Oklahoma, from the Central region into the 
Plains region within which the remainder of the Oklahoma cotton variety 
tests were already located. 
Fiber Length 
The evaluation of breeding lines for fiber length by various 
workers (3,30,31) has clearly shown th.at genotypic variances greatly 
overshadow interaction variances (even when interaction mean squares 
were significant). It is generally agreed that a small number of tests 
adequately determines relative performance for fiber length. 
Data from variety tests in North Carolina (29) and in the 
Mississippi Delta (8), two rather small areas, indicate that the same 
conclusions drawn from breeding lines are also applicable to varieties. 
In each case the three-factor interaction was larger than the 
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two-factor interactions but did not approach the magnitud~ of the 
varietal component. Miller ~al. (28) when considering varietal 
performance over a large area of the Cotton Belt obtained results very 
similar to those cited above, indicating relative varietal stability 
for this trait from North Carolina to Texas. A further extension of 
the analysis of variance to include 101 environments from North 
Carolina to California was undertaken by Abou-El-Fittouh et al. (2), 
Their estimated components of variance, arranged in descending order 
of importance as shown by relative magnitudes were: the varietal 
component, the variety by location by year component, the variety by 
location component, and the variety by year component. A major portion 
of the variety by environment interaction sum of squares for this trait 
was associated with temperature, and only a minor portion with the 
other environmental variables studied •. El-Sourady, Worley, and Stith 
(14) compared genotype-environment interactions within different 
regions and across the Cotton Belt using ratios of the pertinent var-
iance components to the error component as a basis for making compar-
isons, Their purpose was to eliminate bias due to differences in 
magnitude of the error components found in individual regions, However, 
their conclusions with respect to fiber length differed little from 
those of previous researchers. 
In Oklahoma Verhalen and Murray (39) found no evidence of genotype 
by year interaction in a test involving 10 varieties, two years, and 
one location. Later work by Murray and Verhalen (32), involving a dif'" 
ferent set of varieties, locations, and years, exhibited no significant 
interaction mean squares with the exception of the variety by year in-· 
teraction, and it was quite small in relation to the varietal component, 
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Fiber Length Uniformity 
An extensive search of the literature has failed to uncover any 
investigation of genotype by environment interactions concerning fiber 
length uniformity. 
Fiber Fineness 
Al-Jibouri et al. (3) found that the progeny by location inter-
action component made up 12% of the total phenotypic variance for this 
trait among 92 F3 progenies tested at two North Carolina locations in 
one year. Another study (30) in North Carolina of two different popula-
tions composed of 95 and 92 lines, respectively, evaluated over two 
locations and two years indicated that no significant genotype by en-
vironment interaction existed, However, Murray and Verha1en (31) 
tested 62 families for two years at two locations in Oklahoma and 
detected a second-order interaction component larger than the genetic 
component. The results suggested that testing over years would be more 
informative than testing at several locations for this character in 
this population, 
In North Carolina Miller et al. (29) reported highly significant 
first-order interaction variance components, although they were over-
shadowed considerably in magnitude by the varietal componenL In the 
Mississippi Delta (8), however, there was evidence of a large and sig·-
nificant second-order interaction, with first-order interactions posing 
no problems, When variety tests from across the Cotton Belt were 
analyzed, Abou-El-Fittouh et al, (2) found that the variety by location 
by year component of variance was larger than the varietal component, 
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although they did not consider genotype-environment interactions as a 
whole to be as important for fiber fineness as for lint yield. In this 
experiment temperature was considered the most important environmental 
variable associated with the interaction sum of squares. Of the traits 
studied, however, fiber fineness had the smallest proportion of this 
environmental variable affected by temperature, When El-Sourady et al, 
(14) analyzed varieties connnon to each region of the Cotton Belt using 
the modified procedure of comparison previously described, they dis-
covered that variety by environment interactions, the second-order 
interaction in particular, were more important in the Plains and 
Western regions than in the Eastern, Central, and Delta regions, 
Verhalen and Murray (39) showed evidence of an interaction occur-
ring between years and additive effects as well as between years and 
dominance effects at a single location in Oklahoma, The authors 
pointed out that since only one location was used, the test for inter-
action could have been biased upwards by a confounding of the second-
order interaction with the interaction designated as genotype by year. 
Recent research by Murray and Verhalen (32) in Oklahoma tends to con-
firm that possibility. When 11 varieties were evaluated at three 
Oklahoma locations for three years, the variety by location by year 
interaction mean square was highly significant, while the first-order 
interactions were non-significant. It was inferred that tests in 
multiple environments were necessary for this trait, but that it made 




Al-Jibouri et al. (3) reported that for T1 (1/8-inch gauge 
Stelometer) fiber strength the progeny by environment interaction made 
up a very small portion (1%) of the total phenotypic variance among 
92 F3 lines of interspecific origin when tested at two locations in 
one year. They admitted, however, that large sampling error was pos-
s{ble in estimating the interaction variance because of the limited 
number of environments. In two populations of 95 and 92 breeding 
lines, evaluated at two North Carolina locations over two years, Miller 
et al. (30) found no significant genotype by environment interactions --
for strength measured as Pressley Index. Data presented by Murray and 
Verhalen (31) in Oklahoma exhibited a large family by location inter-
action for T0 (O-inch gauge Stelometer) fiber strength with the other 
interactions being of lesser magnitude. When the T1 measurement was 
analyzed, there were no important family by environment interactions 
present. 
Variety tests conducted and analyzed for fiber strength measured 
in pounds per square inch by Miller et al. (29) at nine locations in 
North Carolina over a three-year period were found to contain a small 
but highly significant variety by location by year interaction. Bridge 
et al. (8) reported similar results in the Mississippi Delta with T1 
fiber strength, except that the second-order interaction was not sig-
nificant. Abou-El-Fittouh et al. (2) calculated variance components 
for T1 fiber strength which involved 101 environments across the cotton 
growing region of the United States. The results suggested that 
genotype-environment interactions were important for this trait. Using 
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the method devised for comparing variance components described earlier, 
El-Sourady et al. (14) studied the stability of varieties from differ-
. --
ent regions across the Cotton Belt and found that the varieties studied 
tended to be more stable for T0 than for T1 . 
In an analysis of 10 cotton vari,eties gro'tfu at one location in 
Oklahoma for two years (39), the assumption df no genotype by year 
interactions for T0 and T1 was tested and could not be rejected. Later 
research by Murray and Verhalen (32) on genotype by environment inter-
actions in Oklahoma indicated a significant variety by year interaction 
mean square for T1. Because of the small size of the interaction mean 
squares relative to the varietal mean squares for T0 and T1 , it was 
considered unnecessary to test for this trait over locations or years. 
CHAPTER III 
MATERIALS AND METHODS 
Experimental Procedures 
Irrigated cotton variety tests were conducted in 1968 and 1969 at 
Chickasha and Altus, Oklahoma, on Reinach silt loam and Hollister clay 
loam soils, respectively. Dryland tests were also conducted over the 
same two-year period at Chickasha on Reinach silt loam, at Mangum on 
Meno loamy fine sand, and at Perkins on Vanoss loam. The test locations 
and seasons were selected to sample environments likely to be encounter-
ed in the cotton growing area of the state, Included in these tests 
were stormproof and open-boll varieties currently being grown connner-
cially over the Cotton Belt. The varieties included in subsequent 
analyses are listed in Table L Ten varieties were common to all loca-
tions over both years. The irrigated experiments had nine additional 
varieties in connnon. In four of the six dryland tests (Chickasha and 
Mangum in 1968 and 1969) seven additional varieties were included and 
could be evaluated therein. 
A randomized complete-block design with six replications was used 
in each test. Plots were two rows wide and 50 feet long with a 40-inch 
spacing between rows. Two border rows were grown bet.ween each plot to 
equalize interplot competition, and at least four rows were grown on 
each side of the experiment to reduce border effects, Planting, 
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TABLE I 
COTTON VARIETIES INCLUDED IN THE GENOTYPE-ENVIRONMEijT INTERACTION STUDY 
·· Variet;ies CoDJfon · 
to All Lo.cati~:ns 
Acala 1517.D .(l)t 
Coker 201 (2) 
Coker 4104 (6) 
Dun~ 56C (4) 
Lankart 3840 (9) 
Lockett 4789A (8) 
Paymaster 111 (5) 
Paymaste:i:; 202 (10) 










Lanka.rt 57 LX 


























Western Stormproof . (22) 
tvariety code .numbers ar.e utilized in .. the figures found in Chapter _IV. The numbers do not. imply 
any sort of varietal rank.ur relative merit. .!-' 
00 
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thinning, cultural practices, insect control, irrigation (if any), and 
harvesting were carried out by various experiment station personnel at 
each location following ·the reconnnended procedures for that portion of 
the state. 
Data were collected and evaluated for lint yield and the following 
fiber traits: length, length uniformity, fineness, and two measures 
of strength. Lint yield was determined by multiplying the weight of 
snapped cotton per plot in pounds by the pulled lint percentage of that 
entry in that experiment to arrive at pounds of lint per plot, Yield 
per plot was then converted into pounds of lint per acre. For fiber 
measurements a 15 to 25 boll sample of seed cotton was harvested from 
each plot, ginned on an experimental saw gin, and lint therefrom was 
forwarded to the Oklahoma State University Fiber Laboratory for measure-
ment of the major fiber characteristics. Fiber length was measured in 
inches on the digital fibrograph as 2.5% span length. Fiber length 
uniformity was calculated by dividing 50% span length (also measured 
on the digital fibrograph in inches) by 2.5% span length, and then 
multiplying by 100. Fiber fineness was measured on the micronaire in 
micronaire units. Fiber strength was measured on the stelometer at the 
zero and one-eighth inch gauge settings in grams per grex, connnonly 
referred to as T0 and T1 , respectively. 
Fiber data for the Mangum test in 1969 was unavailable due to a 
mistake in sampling made by the personnel at that station, Consequent-
ly, the fiber data from this location in that year could not be used 
in subsequent analyses. The result was that only one trait, lint yield, 




The data were punched on IBM data cards and analyses of variance 
were then conducted on a computer. For each trait an analysis of var-
iance was performed on the data, combining.all locations and years, 
using those varieties connnon to all tests. Since the Mangum fiber data 
in 1969 were unavailable, a statistical analysis for the fiber traits 
was made combining only the remaining four locations over years, The 
form of the analysis follows that of Comstock and Moll (10) using the 
notation of Murray and Verhalen (32) and is shown in the first portion 
of Table II. The choice of a suitable error term for the F-test of 
each source of variation was made in accordance with the procedures 
described by Steel and Torrie (38). For the varieties source of vari-
ation, when significant interactions are present, the appropriate F-
test and calculation of degrees of freedom have been described by 
Cochran (9), and that procedure was used where applicable. 
Variance components were estimated by algebraic manipulation of 
calculated mean squares based on the components of the expected mean 
squares. They were computed as follows for the analyses over multiple 
locations and years: 
2 
Varietal or genotypic component = rJV = (M5 + Mz - M3 - ~4) /rly, 
Variety by year interaction component = cr~ = (M4 - M2)/rl, 
2 
Variety by location interaction component = crVL = (M3 - M2)/ry, 
Variety by location by year interaction component 
2 = crVLY = (M2 - M1)/r, and 
Error component 
2 
= O'E = Ml 
TABLE II 
FORMS FOR THE ANALYSES OF VARIANCE FOR MULTIPLE LOCATIONS AND YEARS, 
MULTIPLE LOCATIONS IN ONE YEAR, MULTIPLE YEARS IN 
Sourc~s 
Multiple Locations and Years 
Varieties 
Varieties by years 
Varieties by locations. 
Varieties by locations by years 
Error 
Multiple Locaticms. in Gne Year 
Varieties 
Varieties by locations 
Error 





















ai + r~y + -ry~ + rl~ + rly~ 
a2 if.· a2 E + r VLY + rl VY 
oi + r~LY + ryif-VL 
a2 + cr2 
E r VLY 
cr2 
E 
cr2 ccr2 cr2- ) l(cr2 cr2) E + r VLY + .VL + r VY+ V 
cr2 + ccr2 + cr2 ) 
E r VLY VL 
cr2 
E 
*The letters v, r, 1, and y represent number of varieties, replications, locations, and years; respectively. 
tcri is the error variance;cr~LY the variance component due to the interaction of varieties, locations, and 
years; cr~L the variance component due to the interaction of varieties and locations; cr~Y the variance 
compo~ent due to interaction of varieties and years; .and cr~ the component of variance due to genetic 
di.fferences among varieties. N I-' 
Sources 
Multiple Years in One Location 
Varieties 
Varieties by years 
Error 
One Lo~ation in One Year 
Varieties 
Error 
(TABLE II (Continued) 
Degrees of . Mean. 
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r · VLY VL VY V 
cr2 
E 
*The letters v, r, 1, and y represent number of varieties, replications, locations, and years, respectively. 
t 2 . h . 2 h . d h 0 • f . t•• l • . d crE is t e error variance; crVLY t e variance component ue to t e interaction o varie ies, ocations, an 
years; cr~L the variance component due to the interaction o:t; varieties and locations; cr~ the variance 
component due to interaction of varieties and years; and ~ the component of variance due to genetic 




where M1 , M2 , ... , M5 are calculated mean square v~.lues for the appro-
priate sources of variation (Table II) and where r, 1, and y are numbers 
of replications, locations, and years, respectively. 
Analyses of variance for each trait were also performed combining 
the irrigated tests (two locations and two years) and the dryland tests 
(three locations and two years). All possible combinations of the 
three dryland locations taken two at a time (i.e,, Perkins and 
Chickasha, Perkins and Mangum, and Chickasha and Mangum) were also 
analyzed over years. Again, only lint yield could be analyzed where 
the Mangum test in 1969 was involved. In order to compare the results 
with previous research reports in Oklahoma (32), an analysis of var-
iance was conducted over years for lint yield combining the three 
locations involved in that earlie~ study (i,e,, Chickasha irrigated, 
Mangum dryland, and Perkins dryland). Procedures identical to those 
discussed above were used to estimate the appropriate components of 
variance. 
In all of the combinations of locations and years, analyses of 
variance could be conducted including 10 varieties, while in some it 
was possible to include as many as 17 or 19 varieties (Table I), In 
those cases combined analyses of variance were conducted and components 
of variance estimated using the 10 varieties common to all tests and, 
in addition, using the larger number of varieties common to the partic-
ular locations involved. Comparisons were then made between the var-
iance components obtained from the 10-variety analyses and from the 17-
or 19-variety analyses. 
Analyses of variance were also performed within the dryland 
locations and within the irrigated ones combining locations in each 
24 
year and years in each location. For the three dryland locations all 
possible combinations of locations were analyzed in each year. Where 
possible, two analyses were made for each combination; one using 10 
common varieties and the other using either 17 or 19. The forms of 
these analyses are sho~n in the middle portion of Table II .. For two or 
more locations in one year the following components of variance were 
calculated: 
2 2 
(crv + crVY) = (Ms - M3)/rl, 
2 2 
(aVL + crVLY) = (M3 - M1)/r, and 
2 
<:TE = Ml' 
For two years in one location the following estimates were possible: 
2 2 
(O"v + crVL) = (Ms - M4)/ry, 
2 2 
(crVY + aVLY) = (M4 - M1)/r, and 
2 
O'E =Ml • 
. All notation is as previously defined. The magnitude of these variance 
components was then compared to those derived from analyses involving 
multiple locations and years in order to determine the amount of bias 
incurred by testing at only one location or in only one year, 
.Separate analyses of variance were also conducted on lint yield 
and fiber properties (where possible) within each location-year combi-
nation .. As before, when feasible, two analyses were made for each test 
environment, one with 10 varieties and the other with 17 or 19, The 
effect of increasing the number of varieties on the magnitude of var-
iance components was again determined. The form of this analysis of 
variance is given in the latter part of Table II. Components of 
25 
variance were calculated in the following manner: 
2 2 2 2 <av + aVL + crVY + crVLY) = (M5 - Ml)/r 
2 
aE =Ml, 
with all notation as before. From these variance components, the 
amount of additional bias present, if any, was determined when estimat-
ing genotypic variance from data at only one location within a single 
year. 
CHAPTER IV 
RESULTS AND DISCUSSION 
Computation of standard errors for variance components was con-
sidered unnecessary since Murray and Verhalen (32) found that inferences 
made from examining mean squares were the same as those obtained from 
studying variance components. Therefore, statistical significance of 
mean squares and relative magnitudes of estimated variance components 
were the main criteria used in weighing the importance of the sources 
of variation in these analyses. 
Lint Yield 
. Estimates of the pertinent variance components for lint yield 
computed from analyses of variance involving multiple locations over 
years are presented in Table III. When all locations and both years 
were combined, no significant differences among varieties were detected, 
This result was unexpected since the varieties tested were considered 
to be representative of a wide range of different genotypes adapted to 
different regions of the Cotton Belt. The variety by location inter-
action though larger than the varietal source of variation was also 
non-significant. Indications here point to little change in response 
of varieties relative to one another from location to location in 
Oklahoma over these two years. Based on these results, a subdivision 
of the state for breeding and testing purposes would not be expected 
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TABLE III 
VARIANCE COMPONENTS FOR LINT YIELD UTILIZING .VARIOUS 
COMBINATIONS OF LOCATIONS OVER YEARSt 
Locations:!: 
Variance 1,2,3, 1,2, 1 4 
Component 4,5 4,5 1,3,5 10 Var. 19 Var. 2,3,)_ 2,5 3,5 
2 
crv··· 337 565 (}/; (}/; 67 608 1018* O</> 
cr2 438 245 537 579 608 385 153 765 VL 
cr2 1230** 1029** 1800** 2215* 1449* 672* 199- --sa-1--· VY 
(J2 795** 974** 499* 712** 1078** 751** 880** 991** VLY, 
cr2 2892 2160 3238 2804 . 2824 2952 1515 3547 E 
*,**Significant mean squares at the 0.05 and 0.01 levels of probability, respectively. 
t Analyses involved 10 varieties unless otherwise stated (see text). 
2,3 






:I= Location 1 is Chickasha, irrigated; location 2 is Chickasha, dryland; location 3 is Mangum, dryland; 
location 4 is Altus; irrigated; loca,tion 5 is Perkins, dryland. 




to add greatly to the efficiency of the breeding program. However, the 
variety by year interaction was highly significant, the estimated 
variance component being approximately four times as large as the 
varietal component. The obvious implications are that relative vari~ 
etal rank in 1968 and 1969 differed considerably with respect to lint 
yield and that varietal evaluation over years is essential, The second-
order interaction was also highly significant and over twice the size 
of the varietal component, Thus, a large and significant portion of 
the interactions exhibited by this character could not be attributed 
to effects constant over locations or over years, Unlike most other 
data reported in the literature for this trait, this interaction was 
not the largest in magnitude; but it was of sufficient size to be 
important. These data indicate that testing in Oklahoma over multiple 
environments is necessary and that greater emphasis should be placed 
on evaluation over years rather than over locations. 
A reanalysis of the data, leaving out the Mangum location, produced 
the same results as in the overall analysis, That is, the variety and 
the variety by location interaction sources of variation were relative-
ly small and non-significant, and the variety by year and variety by 
location by year interactions were quite large and highly significant, 
Because the Mangum soil is partially infested by a fusarium wilt and 
root-knot nematode problem, it was thought that the experimental error 
could be reduced somewhat in the analysis if this location were removed, 
This was the case, but the implications from the results as compared to 
those of the earlier analysis remained virtually unchanged, These re-
sults would also tend to discount the possibility of bias being intro-
duced by analyzing an unbalanced number of dryland versus irrigated 
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environments at the same time. 
An analysis of variance combining the three locations over years 
used in an earlier study in Oklahoma (32) indicated no basic change in 
conclusions from those of the two previous analyses discussed above" 
The only difference in the results was that the variety by location by 
year interaction was significant at the 5% rather than the 1% leveL 
However, when the variance components in this analysis were compared 
to those of the earlier study, the implications were somewhat different. 
The major points of divergence in the two sets of data are in the first-
order interactior~s. In the earlier study the variety by location 
interaction was considered large enough to facilitate some subdivision 
of the state into subareas for breeding and testing purposes, while the 
variety by year interaction was considered relatively unimportant. In 
this research the opposite was found to be true; Le,, the variety by 
year interaction was of considerable importance and the variety by 
location interaction was negligible .. Another contrast in the two 
studies lies in the magnitude of the second-order interaction, which 
was considerabl~ more important in the earlier work. 
One logic~l reason for the differences in results between the two 
studies could be that a different set of varieties was tested in each 
case. Since the results in a strict sense, apply only to the genetic 
material involved, it is conceivable that the genotype-environment 
interactions were greatly influenced by the germplasm evaluated. 
However, when the two sets of varieties are compared, many of the 
varieties in one set are seen to be closely related though not identi-
cal to those in the other set, making this point a less weighty one 
than it would otherwise be. Another contributing factor, and probably 
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a more significant one, as far as the differences in results, especial-
ly in regard to the variety by year interaction, is that the seasons of 
1968-1969 were different in nature from those of 1962-1964. As with 
any biological data, there could be any number of environmental causes, 
suspected or unsuspected, which are responsible for the discrepancies 
in the results. 
Table III also gives estimated variance components for the two 
irrigated locations analyzed over years. Separate analyses, involving 
first 10 and then 19 varieties, apparently had little effect on signif-
icance levels or relative magnitudes of the various sources of varia-
tion. In each analysis, the variety and the variety by location 
interaction components were small and non-significant, The variety by 
year interactions were both significant, and the three-factor inter-
actions were highly significant. The relative magnitudes of the 
variance components in the two cases remained approximately the same, 
with the possible exceptions that the second-order interaction for the 
19-variety analysis increased slightly and the variety by year inter-
action decreased. 
Variance component estimates of the three dryland locations com-
bined over years leads to different conclusions. The major change from 
previous analyses is that the variety by year interaction, although 
significant, was smaller than the second-order interaction, the latter 
being highly significant. Both interaction components were of the 
approximate size of the varietal component and were, therefore, of 
sufficient magnitude to be important. The varietal component and the 
variety by location component were non-significant, as before. 
The only major difference rea.lized from subdividing into irrigated 
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and dryland locations and analyzing over years was a change in the 
variety by year interaction component of variance (see columns 1, 4, 
and 6 of Table Ill). Inspection of comparable analyses indicates that 
the variety by year interaction nearly doubled in size when analyzed 
over irrigated locations and years and decreased by one-half when 
analyzed over dryland locations and years. This suggests that more 
emphasis should be placed on testing over years if the experiments are 
irrigated than if they are not. 
Examination of variance components when all possible combinations 
of the three dryland locations taken two at a time were analyzed over 
years produced some surprising results. The Chickasha-Perkins combina-
tion over years was unique in that the varieties source of variance was 
significant. This might be partially explained by the fact that the 
error variance was one-half to one-third of that in the other analyses. 
The first-order interactions were both small and non-significant, while 
the second-order interaction was highly significant and approached the 
magnitude of the varietal component. The variance components for the 
Mangum-Perkins combination over years were similar in that the variety 
by location and variety by year interactions were non-significant and 
the second-order interaction was highly significant. However, no dif-
ferences could be detected statistically among varietal means. This 
data indicates that emphasis need not be specifically placed on either 
years or locations, but a combination of both should probably be 
employed. 
The data from the Chickasha-Mangum combination over years was also 
unique. Two analyses involving 10 and 17 varieties, respect:ively, dif-
fered little from each other, but were substantially different when 
32 
compared to previous combinations of locations and years. In both cases 
the varietal variance and the second-order interaction were non-
s ignificant, the former being considerably larger each time, The 
variety by location interaction was significant at the 5% level for the 
10-variety analysis and at the 1% level for the 17-variety analysis, 
This interaction was more important when the larger number of varieties 
was included in the analysis; that is, it was greater than the varietal 
component in the latter analysis. The most important source of varia-
tion, the variety by year interaction, was highly signi.£icant and· 
larger than the varietal component in both analyses, The results sug-
gest that varieties should be tested at each location with special 
emphasis on evaluation over years. 
In order to determine which varieties were responsible for the 
large interactions observed without tlie complications of location.and 
year effects, the variety means in subsequent figures were adjusted 
using the technique developed by Patterson (33), Figure 1 gives vari-
etal response between years over all five locations, It is obvious 
that large variety by year interactions were present, Those varieties 
with a sharp positive response from 1968 to 1969 were Stoneville 7A, 
Coker 4104, and Coker 20L Those with a sharp negative response during 
the same time period were Lankart 3840 and, to a lesser extent, Lockett 
4789A and Paymaster 202. The remaining varieties were more consistent 
from year to year. Two possible reasons readily come to mind for these 
reactions, Of the growing seasons, the drier was 1968, Varieties 
grown at dryland locations adapted to producing under drought conditions 
would tend to perform better in 1968 than those requiring more moisture. 
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be more productive in the wetter season. Another difference between 
the two years was an early frost in 1968. Because irrigation tends to 
delay maturity, genetically later maturing varieties grown under condi-
tions of ample moisture would have· been mote severely penalized in 
1968. Under a longer growing season such as 1969, these same varieties 
would respond positively. The higher yielding varieties in 1968 were 
adapted to the Plains region while the more productive varieties in 
1969 were bred specifically for the Eastern and Delta regions. 
Adjusted varietal means can be compared in Figure 2 for the 19 
varieties coIInnon to the irrigated tests. A sharp positive varietal 
response from 1968 to 1969 is evident for Stoneville 7A, Coker 4104, 
Stoneville 213, and Deltapine 45A. Some of the more negative responses 
came from Lankart 3840, Paymaster lOlA, and Paymaster 202. In these 
tests, moisture was not a limiting factor; but it is concei~able that 
earliness was an important trait in determining varietal performance 
in these particular years. Nevertheless, i.n 1969 some Plains varieties 
were penalized while varieties adapted to other regions were favbred. 
Varietal response between years over the three dryland locations 
is shown in Figure 3, Sharp increases in yield were apparent in 1969 
for Stoneville 7A, Coker 4104, and Coker 201 while pronounced decreases 
were evident for Lockett 4789A, Lankart 3840, and Paymaster 202. In 
these tests moisture availability could be a factor responsible for 
differential response. 
In a strict sense, the "causes" for these reactions cannot be 
determined. It is noteworthy that, in general, most varieties reacted 
in the same manner in each analysis; Le., positive in all case,s or 
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or subdivided into irrigated and dryland locations (Figures 1 through 
3). Apparently, the relative length of the growing seasons in these 
two particular years was of greater importance than was the availabil-
ity of moisture. 
Because of the highly significant first-order interactions found 
when the Chickasha and Mangum tests were analyzed over years, it was 
necessary to look at varietal response over years at each location and 
over locations in each year. The two graphs in Figure 4 indicate that 
relative varietal rank from 1968 to 1969 changed considerably more at 
Mangum than at Chickasha. At the latter location there were only two 
or three varieties which were highly inconsistent from year to year 
while at the former location those affected were more on the order of 
seven or eight. The general trend observed in respect to Plains vari-
eties versus those adapted to other regions of the United States did 
not strictly apply in this instance. Varieties such as Western Storm-
proof, Lankart 57 LX, and Lankburn (all adapted to the Plains region) 
showed sharp positive reactions to the 1969 growing season. However, 
Lankburn and Western Stormproof are known to be later in maturity than 
most Plains varieties. Others such as Lockett 4789A, Paymaster 54B, 
Stoneville 7A, and Coker 4104 conformed to previous observations. 
In Figure 5 relative varietal response can be studied in each 
year across the Chickasha and Mangum dryland locations to determine 
which varieties contributed the most to that analyses' large variety 
by location interaction. There were no clear-cut trends in variety 
reaction as moisture availability decreased from Chickasha to Mangum, 
Varieties such as Lockett 4789A, Paymaster 54B, ~nd Paymaster 202 re-
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whereas Lankburn, Acala 1517D, and Westburn reacted positively each 
year. Mixed responses were shown by Lankart 3840, Stoneville 7A, Coker 
4104, Lankart 57 LX, and Western Stormproof; in one year positive 
reactions were exhibited while in the other year the reverse was true, 
Because of the radical behavior of the varieties at these locations 
and years, no attempt was made to correlate varietal response with 
region of adaptability. It may be noted that the analyses involving 
these two locations over yea.rs produced results which were unlike any 
of the other dryland combinations, Varietal type alone is apparently 
not sufficient to predict how a genotype will respond to a given set 
of locations and years. 
When one year's data is analyzed over locations, the varietal 
component of variance may be biased upwards by the magnitude of the 
variety by year interaction, A clear-cut estimate of the variety by 
location interaction is not possible because of confounding with the 
variety by location by year interaction. The degree of bias introduced 
when varieties were analyzed in such a manner can be determined from 
Table IV. In 1968 the variety mean squares in all combinations of ir-
rigated and dryland locations were significant in most cases at the 1% 
level. In combined analyses ov<:or years, this had not generally been 
the rule (Table III). It is quite evident that the varieties source 
of variance was biased upwards by the variety by year interaction which 
was known to be large in most instances, Conclusions drawn about rel-
ative varietal performance could have been erroneous if data were con-
sidered only within that one year. In 1969 variety mean squares were 
generally non-significant for most sets of locations considered. ·one 
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VARIANCE COMPONENTS FOR LINT YIELD OVER IRRIGATED LOCATIONS IN EACH 
YEAR AND OVER DRYLAND LOCATIONS IN EACH YEARt 
Locations* 
1,4 
10 Var. 19 Var. 2,3,5 2,5 3,5 
3000** 2085** 1403** 2080** 928* 
505* 555** 365** 188 495* 
1932 2064 1996 1331 1914 
1174 947 1158 353 839 
2077** 2818** 1907** 1877** 3018** 
3676 3584 3908 1700 5181 
*,**Significant mean squares at the 0.05 and 0.01 levels of probability, respectively. 
t Analyses involved 10 varieties unless otherwise stated (see text). 
2,3 







:f: Location 1 is Chickasha, irrigated; location 2 is Chickasha, dryland; location 3 is Mangum, dryland; 




this case, regardless of whether 10 or 17 varieties were involved in 
the analysis, bias was introduced by the large variety by year inter-
action. Estimates of the variety by location interaction were likewise 
inflated in some cases by the second-order interaction. In three dif-
ferent combinations of locations in 1968 and four in 1969 the variety 
by location interaction was significant, From combined analyses over 
years, these particular location sets had small and relatively unim-
portant variety by location interactions. No trend in the amount of 
bias could be detected when comparing combinations of irrigated loca-
tions with dryland locations nor when comparing analyses involving 10 
varieties with those having 17 or 19. 
Analysis of data over years at one location confounds the varietal 
yar:i,.ation with the. variety by location interaction, and the variety by 
year interaction with the variety by locaticn by year interaction. 
From Table V, it is po~sible to determine the, bias introduced when 
varieties are tested at one location over years. In six of the nine 
analyses conducted the varietal component was non-significant. These 
results were expected sin~e it was determined that variety components 
and variety by location interaction components were generally small, 
However, in three cases ther~ was sufficient inflation of the variety 
mean squares to permit the conclusion that real differences among 
varieties existed. The estimate of variety by year interaction was 
expected to be large since it also contained the second-order inter-
action. In previous analyses estimates of each revealed that both were 
generally large and important (Table III). It was not surprising, 
therefore, that all estimates of the variety by year interaction were 
significant at either the 5% or 1% levels regardless of the number of 
TABLE V 
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Locations Over Years 
Chickasha, Mangum, 
Dr:i!:land Dr:l!:land 
10 Var. 17 Var. 10 Var. 17 Var. 
1456* 918* 636 664 
513** 490** 2114** 1320* 
1761 1904 5824 7133 
*,**Significant mean squares at the 0.05 and 0.01 levels of.probability, respectively. 
t Negative estimate for which the most reasonable value is zero. 
Altus, 
Irrigated 














varieties in the analysis. An examination of irrigated versus dryland 
i 
tests uncovered no differences in the degree to which the results were 
biased under the two sets of environmental conditions. It is also 
noteworthy that no significant differences among varieties were found 
at Altus when 10 varieties were analyzed. However, when 19 varieties 
were included in the analysis, real differences were detected. This 
case was an exception since the other analyses changed little by in-
creasing the number of varieties. 
Considering the variance components computed in Tables IV and V, 
it should be emphasized that testing in one year across locations or 
in one location over years can introduce a significant amount of bias 
into interpretations of relative varietal performance. Within this 
experiment the bias was greater when testing in one year than when 
testing in one location. 
Evaluation of varieties in a single environment will result in a 
possible error in interpretation of results if any of the interaction 
effects are large. Variance components estimated for each test environ-
ment are given in Table VI. It is readily apparent thtt the variety 
mean square is biased upwards in almost every case. Results from the 
the combined analyses of variance indicate that genotype-environment 
interactions were responsible for the inflated variances. Only in the 
1968 Mangum test involving 17 varieties was the variety mean square 
non-significant, indicating little effect of interactions in that par-
ticular test. It is easily seen that for lint yield testing in one or 
a few environments seriously affects the ability of the plant breeder 
to determine relative varietal performance. 
Year and Variance 
Component 
1968 











VARIANCE COMPONENTS FOR LINT YIELD AT EACH LOCATION IN EACH YEAR 
Chickasha, 
Irrigated· 
























*•**Significant mean squares at the 0.05 and 0.01 levels of probability, respectively. 
Altus, 
Irrigated 
















Since the fiber data from the 1969 Mangum variety test were 
unavailable because of a sampling error, the analyses of variance con-
ducted for the five fiber traits were necessarily fewer than could be 
made for lint yield. The analyses performed, however, were considered 
adequate to determine the relative importance of genotype by environ-
ment interactions for those traits. 
Length 
Variance components computed from analyses involving four loca-
tions over years, two irrigated locations over years and two dryland 
locations over years are given in Table VII. When combined over all 
locations and years, the varieties. and the second-order interaction 
were highly significant. The variety by year interaction was signifi-
cant at the 5% level while the variety by location interaction was not 
significant .. A look a1t variance components iJ1dicated that the three-
factor interaction was larger than either first-Qrder interaction, 
However,. all three were greatly overshadowed by the ~gni tude of the 
varietal component. Implications from these data are that varietal 
evaluation at multiple locations and years is not necessary for fiber 
length but rather that results from a single test are adequate to 
determine relative varietal performance. These data generally agree 
with those of Murray and Verhalen (32) in Oklahoma, with the exception 
that they did report a non-significant second-order interaction. 
The analysis of variance of irrigated locations over years differ-














VARIANCE COMPONENTS FOR 2.5% SPAN LENGTH 
OVER LOCATIONS OVER YEARst 
Locations* 
1 4 
1,2,4,5 10 Var. 19 Var. 
.323** .318** .334** 
.006 .000¢ .000¢ 
.007* .006 .002 
.Oll** .020** .012** 








*,**Significant mean squares at the 0.05 and 0.01 levels of probability, 
respectively. 
t Analyses involved 10 varieties unless otherwise stated (see text). 
:I= Location 1 is Chickasha, irrigated; location 2 is Chickasha, 
dryland; location 4 is Altus, irrigated; location·S is Perkins, 
dry land. 
0 Each calculated variance component has been multiplied by 102 
¢ Negative estimate for which the most reasonable value is zero. 
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year interaction was reduced to a level where significance could not be 
detected. Increasing the number of varieties to 19 and reanalyzing the 
data did not alter relative magnitudes of the interaction effects. 
Likewise, an analysis over years of the two available dryland locations 
failed to produce results contradictory to the other analyses. Appar-
ently, it made little difference whether varieties are evaluated under 
irrigated or dryland conditions, i.e., conclusions obtained remained 
the same. 
Because of the lack of importance of genotype by environment 
interactions for this trait, the amount of bias introduced when eval-
uating means across locations in one year, over years at one location, 
or in a single environment would be expected to be negligible. These 
anticipations are confirmed when an examination of the results in 
Tables VIII through X is made. In the first case, where locations are 
combined in each year (Table VIII), the only erroneous conclusion that 
one might make is in regard to the variety by location interaction. 
Findings in Table VII made it clear that this component of variance 
was the smallest and least important source of variation. Because of 
being confounded with the three-factor interaction, the variety by 
location interaction was significant in the majority of analyses con-
ducted. Nevertheless, when compared to the varietal source of varia-
tion (which was only slightly biased upwards by the variety by year 
interaction), the degree of bias introduced was small. A comparison of 
the sets of var~ance components involving the 1968 Mangum variety test 
with those of the other combinations not including this location, 
reveals that the above conclusions are generally identical. 
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"TABLE VIII 
VARIANCE COMPONENTS FOR 2.5% SPAN LENGTH OVER IRRIGATED LOCATIONS 
IN EACH YEAR AND OVER DRYLAND LOCATIONS IN EACH YEA.Rt 
Locations~ 
1 4 
10 Var •. 19 Var. 223 25 2!5 3,5. . 
.289** .307** .237** .311** .186** 
.016** .008* .025** .003 .043** 
.053 .056 .100 .060 .114 
.359** .366** ---- .3.76** ----
.020** .015** ---- .013* ----
.034 .035 ---- .065 
*,**Significant mean squares .at the 0.;05 and-0.01 levels of probability, respectively. 
t Analyses involved 10 varieties unless otherwise stated (see text). 
2 3 






* Location 1 is Chickasha, irrigated; lncation 2 is Chickasha; dryland; location 3 is Mangum, dryland; location 4 is.Altu~, irrigated; .location 5 is Perkins; dryland. 
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VARIANCE COMPONENTS FOR 2.5% SPAN LENGTH OVER YEARS AT EACH LOCATION 
Locations Over Years 
Chickasha, Chickasha, Mangum, 
lrrisated Dr:i!:land Driland 
10 Var. 19 Var. 10 Var. l7 Var. 10 Var. l7 Var. 
.338** .338** .388** .495** ---- ----
.036** .020** .006 .014** -- ---
.046 .047 .076 .073 ---- ----
*•**Significant mean squares at the 0.05 and 0.01 levels of probability, respectively. 
t Each calculated variance component has been multiplied by 102• 
Altus, 
Irrigated 













years at each location. The variety by year interaction was biased up-
wards by the second-order interaction to the extent that it was highly 
significant in the majority of analyses. A comparison of this inter-
action to the varietal component (very slightly biased by the variety 
by location interaction) shows that the latter is from 10 to 40 times 
the magnitude of the former. Therefore, the degree to which the con-
founded interaction would affect findings in respect to varietal merit 
is practically nil. 
The varieties mean square was highly significant in every case 
where a specific location-year analysis of variance was conducted 
(Table X). From the combined analyses of variance over locations and 
years (Table VII), identical results were obtained. This analogy is 
additional evidence that conclusions for fiber length based on data 
from a single test are ge.nerally applicable to the state· as a whole. 
Length Uniformity 
Variance components computed from analyses combining locations and 
years are given in Table XI, The varieties mean square for the four-
location, two-year analysis was large and highly significant indicating 
that real differences could be detected among varieties. The first-
order interactions were small and non-significant, while the second .. 
order interactions, though slightly larger and significant, did not 
approach the magnitude of the varietal component, Indications are that 
genotype by environment interactions for this trait were not important 
in this material. These results corresponded rather closely with those 
in the previous s.ection for fiber length, 
When irrigated locations were analyzed over years, little 
Year &nd Variance 
Componentt 
.ill! 
ca; + a~ + 
a2VY + a~y) 
ai 
lli2. 
(a2 + a2 + 
V VL 
2 2 




VARIANCE COMPONENTS FOR 2.5% SPAN LENGTH AT EACH LOCATION IN EACH YEAR 
Chickasha, 
Irrigated 



















*,**Significant mean squares at the 0.05 and 0.01 levels of probability,. respectively. 
t Each c~lculated variance component has been multiplied by 102• 
Altus, 
Irrigated 



























VARIANCE COMPONENTS FOR UNIFORMITY RATIO 
OVER LOCATIONS OVER YEARSt . 
Locations* 
1 4 
1,2,4,5 10 Var. 19 Var. 
1.57** 1. 74** 1.52** 
.12 .40** .14** 
.03 .05 .00¢ 
.16* .00¢ .11 








*,**Significant Jneari squares at the 0.05 and 0.01 levels of probability, 
respectively. 
t Analyses involved 10 varieti~s unless otherwise stated (see text). 
:f: Location 1 is Chickasha, irrigated; location 2 is.Chickasha, 
dryland; location 4 is Altus, irrigated; location,5 is Perkins, 
dryland. · 
¢ Negative estimate for which the most reasonable value is zero. 
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difference could be found between variance components in the 10-variety 
and 19-variety analyses. The varieties and variety by location inter-
action sources of variation were highly significant in both analyses, 
but the latter was substantially smaller,and, therefore, not of great 
importance. The variety by year and second-order interactions were 
non-significant and approached zero in each analysis. A combination 
and analysis of two dryland locations over years suggested again that 
the varieties mean square was by far the most important source of 
variance, it being highly significant. The second-order interaction 
was larger than either first-order interaction and was highly signif-
icant. Yet, it was only one-third the size of the varietal component . 
. Estimates of the first-order interactions were negative, and they were 
a.ssumed to approximate zero. 
A comparison of the first, second, and fourth columns of Table XI 
indicates that the varietal and variety by year interaction components 
changed relatively little when the combined, the irrigated, and the 
dryland analy~es were examined. The variety by location interaction 
increased under irrigated conditions, and the three-factor interaction 
was more important under dryland conditions. However, regardless of 
how the tests were analyzed, one basic fact is evident; that is, 
genotype-environment interactions were not large enough for length 
uniformity to warrant testing for that trait in multiple environments. 
Table XII reveals that only a small amount of bias was introduced 
into the irrigated analyses when combined over locations in each year. 
This result is not unexpected for the reason that the variety by year 
and variety by location by year interactions which are confounded with 
the varietal and variety by location interaction components, 
TABLE XII 
VARIANCE COMPONENTS FOR UNIFORMITY .RATIO OVER IRRIGATED LOCATIONS IN EACH 





Component 10 Var. 19 Var. 2,3,5 2,5 3,5 10 Var. 17 Var. 
1968 
(0'2 + 0'2 ) 
V VY 
2 2 





(crv + rYvy) 
2 2 









3.62** 1.70** 1. 74* 1.28 
.18 .76** .42* .94** 




*,**Significant mean squares at the 0.05 and 0.01 levels of probability, respectively. 




* Location 1 is Chickasha, irrigated; location 2 is Chickasha, dryland; location 3 is Mangum, dryland; 




respectively, were small in those analyses where an unconfounded esti-
mate was possible. It is noceworthy that most of the variety by 
location interaction at these two locations occurred in 1969. A com-
parison of the dryland analyses in each year for the Chickasha-Perkins 
combination with that of the same two locations combined over years 
' 
'su~gests that the second-order interaction was responsible for the in-
£lated estimate of the variety by location interaction in 1968 but had 
little effect on the same estimate in 1969. In the other combinations 
of dryland locations analyzed in 1968, it was not possible to say how 
much the variance component estimates were biased. In most of those 
combinations the confounded estimate of varietal variation overshadowed 
that of the variety by location interaction. However, in one instance 
(the Mangum-Perkins analyS'is) the. variety by location interaction 
approached the magnitude of the varietal component. It is unknown 
whether testing in only one year.was responsible for this result, but 
the thought that it might be deserves consideration. 
The degree to which variance components were biased when varieties 
were evaluated over years at each location can be determined from the 
results presented in Table XIII. In the irrigated experiments combined 
over years the variety by location interaction was the largest of any 
of the interaction effects. ~evertheless, this interaction had little 
influence on the variance contributed by varietal differences, since 
this source was considerably large to begin with .. Although the second-
order interaction was relatively unimportant in the irrigated locations 
combined over years, it contributed enough variance to the variety by 
year interaction component in the i9-variety Chickasha irrigated 
analysis to make this interaction significant. In the two dryland 
Variance 
Co::iponent 
(cr2 + a2 ) 
V VL 
2 2 




VARIANCE COMPONE:ll.'TS FOR UNIFORM.ITY RATIO OVER YEARS AT EACH LOCATION 
Chickasha, 
Irrigated 










Locations Over Years 
Mangum, 
Dry land 
10 Var. 17 Var. 
*,**Significant mean squares at the 0.05 and 0.01 levels of probability, respectively. 
t Negative estimate for which the most reasonable value is zero. 
Altus, 
Irrigated 













analyses conducted at Chickasha over years, the variety by year inter-1 
action was ·biased upwards by the second-order interaction which.,pr<e;vi-
ously had been found"highly significant over both locations over years. 
Other than specific instances mentioned where some bias could be 
detected, little harm from analysis in one year over locations or at 
one location over years would be expected. The knowledge that varietal 
component estimates in Table XIV are confounded with three sources of 
interaction variation might imply that bias exists. It is true that 
those estimates were all highly significant. However, in the combined 
analysis over all locations and years (Table XI), where unconfounded 
estimates of the varietal components were possible, varieties were also 
found to exhibit significant differences. These results are analogous 
to those obtained for fiber length where it was determined that evalu-
ating varieties for that trait in multiple environments was unnecessary. 
Fineness 
Data computed from a combined analysis of variance over four loca-
tions and two years are shown in Table XV. Also included are results 
from separate analyses of irrigated and dryland locations over years. 
By combining all possible locations and years, it was evident that the 
varieties and second-order interaction sources of variation were highly 
significant while the first-order interaction effects were not signif-
icant at all. The varietal component of variance was approximately 
four times the size of the second-order interaction component which in 
turn was larger than either of the first-order interactions. Implica-
tions are that varietal performance is relatively stable from environ-
ment to environment but that small gains can be expected from tests in 
Year and Variance 
Component 
~ 
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TABLE XIV 
VARIANCE COMPONENTS FOR UNIFORMITY RATIO AT EACH LOCATION IN EACH YEAR 
Chickasha, 
Irrigated 















10 Var. 17 Var. 
3.08** 2.97** 
2.52 2.47 
*•**Significant mean squares at the 0.05 and 0.01 levels of probability, respectively. 
Altus, 
Irrigated 
















VARIANCE COMPONENTS FOR FIBER FINENESS 
OVER.LOCATIONS OVER YEARSt 
Locations* 
Variance 1 4 
Component 1,2,4,5 10 Var. 19 Var. . 2 ,5 
2 .0601** .0422* .0261* .0850** av 
2 .0094 .0273** .0215** .0000¢ O'VL 
2 
.0045 .0063* .0123** .0000¢ a VY 
2 
.0157** .0000¢ .0026 .0452** aVLY 
2 .0488 .0553 .0782 .0423 aE 
*,**Significant mean squares at the 0.05 and 0.01 levels of probability, 
respectively. 
t Analyses involved 10 varieties unless otherwise stated (see text). 
:t: Location 1 is Chickasha, irrigated; location 2 is Chickasha, 
dryland; location 4 is.Altus, irrigated; location 5 is Perkins, 
dryland. 
¢ Negative estimate for which the most reasonable value is zero. 
61 
multiple environments. Murray and Verhalen (32) found that the second-
order interaction was more important, contributing as much variance as 
did the varieties. The present study differed from tb:! earlier one in 
growing seasons, in varieties, and in locations, there being only two 
of the latter in connnon between the two investigations. 
The analyses of irrigated locations over-years produced surprising-
ly different results. For the 10-variety analysis the variety by 
location and variety by year interactions were significant at the 1% 
and 5% levels, respectively, while the variety by location by year 
interaction was not significant. Significant differences among vari-
eties were also found. Similar results were obtained when 19 varieties 
were evaluated at the same two locations over years, with the exception 
that the variety by year interaction was significant at the 1% rather 
than the 5% level. A close study of the relative magnitudes of the 
first-order interactions indicates that together they make up a sizable 
portion of the total e~perimental variance, the sum of their variances 
in the 19-variety analysis being larger than that of the varietal var-
iance. From these data it is apparent that when only irrigated condi-
tions are involved, it is qecessary to test over multiple years and 
locations, with perhaps slightly more emphasis being placed on the 
latter. There are indications that genotype-environment interactions 
were more important when 19 varieties were evaluated than when 10 were 
analyzed. These observations provide solid evidence that varietal make-
up in a test me.y have a pronounced effect on the importance of various 
interactions between variety and environment. 
In the combined dryland analysis over years, the varieties and 
second-order interaction components were highly significant, whereas 
62 
the first-order interactions were not. The varietal compouent was the 
most important source of variation followed by the second-order inter-
action, which was approximately one-half as large. Estimates of variety 
by location and variety by year interaction components were negative, 
and these quantities were assumed to be estimates of zero. These data 
imply that if varieties are to be tested under dryland conditions, it 
apparently makes little difference how those tests are distributed over 
locations and years, but that some testing over multiple environments 
may be necessary, 
A specific trend was detected upon comparing the 10-variety irri-
gated analysis to the dryland analysis. In the latter case, the inter-
actions present could not be attributed to any one effect, while in the 
former, both locations and years were responsible for the majotity of 
the varietal fluctuations. However,. when the four locatiotrs were com-
bined over years, a diluting.effect occurred resulting in none of the 
interactions being of major importance. 
Because of the large variety by location and variety by year 
interactions detected when the Altus and Chickasha tests were combined 
over years, an attempt was made to determine the specific varieties 
responsible. In Figure 6 varietal response for fiber fineness is shown 
at each location between years. These graphs confirm that variety by 
year interactions were indeed present. For example, Dunn 56C and 
Lankart 57 changed considerably in ranking at each location from 1968 
to 1969. No trend could be observed, however, in how a particular type 
of variety reacted to different growing seasons, i.e., early versus 
late-maturing types. Figure 7 gives an indication of varietal perform-
ance in each year across locations. It is clear that variety by 
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location interactions occurred in each growing season. The·varieties, 
Coker 201 and Stoneville 213, are good illustrations of such varietal 
fluctuations from location to location .. Again, no obvious trend in 
performance by varieties of a given type could be detected. Apparently, 
the adaptability of varieties to a particular region does not dictate 
its response with respect to fiber fineness at a particular location or 
in a particular season. The answer to this response remains linked to 
the individual genotype of each variety. 
Variance components computed after subdividing into irrigated and 
dryland environments and analyzing over locations in each year are 
given in Table XVI. It was determined from.a consideration of irrigated 
locatipns in each year that the amount of bias introduced by e~aluation 
in a single year was too small to be of major importance. Of the four 
analyses involving irrigated locations with 10 and 19 varieties, only 
the 1969 analysis conducted on the larger riumber was changed in any 
great respect. In this instance the varieties mean square was inflated 
upwards by the variety by year interaction to the point where it was 
highly significant. The remaining varieties mean squares were not ap-
preciably changed. . Estimates of a variety by location interaction in 
each of the four analyses were not greatly affected by the second-order 
interaction because in the analyses conducted over irrigated locations 
and years this component was near zero. 
The data from the dryland analyses included results from the 1968 
Mangum test. It was possible, therefore, to obtain more information 
regarding interactions of varieties and dryland locations in that year. 
The Chickasha-Perkins analyses in 1968 and 1969 were the only ones 
which could be compared to the combined analysis of these two locations 
Year and. 
TABLE XVI 
VARIANCE COMPONENTS FOR FIBER FINENESS OVER IRRIGATED LOCATIONS IN EACH 
YEAR AND OVER DRYLAND LOCATIONS·IN-EACH YEA.Rt 
Locations* 
Variance 1,4 2,3 
Component _______ 10 Yar. 19 Var. 2,3,5 2,5 3,5 10 Var. 17 Var.· 
1968 
(0'2 + 0'2 ) 
V VY • 0606* .0296* .0903** 
.0657* .1235**- .0816 . .0807** 
ca2 + 0"2 ) 
VL VLY 
.0269** .0268** .0385** .0464** .0127 .0563** .0426** 
2 .072l .0975• .1011 .0622 .1920 .1393 .1412 a 
E 
1969 
(S-2 + S'2 ) .0362* .0471** -..--- .0839** V VY 
(0'2 + S'2 ) .0259** .0214** --- .0129** VL · VLY 
e-2 .0385 .0588 -~-- .OZ24 ---- ---- ----E 
*,**Significant mean squares at the d.05 and 0.01 levels o~ probability, respectively. 
t Analyses-involved 10 varieties unless otherwise stated-(see text). 
* Location 1 is Chicka,sha, irrigated; location 2.is Chickasha, dryland; location 3 is Mangum, dryland; 




over years. The varietal source of variation in that analysis was 
unaffected by the variety by year interaction since that source of var-
iance was found to be zero in the combined analysis over years. How-
ever, the estimates of variety by location interaction in each year 
were biased upwards by the large three-factor interaction previously 
shown to be present. In both years the mean squares for this source 
of variation were highly significant, whereas significance could not be 
detected beforehand. From the additional combinations of dryland loca-
tions in 1968 on which an analysis was conducted, it was only possible 
to speculate that some bias did occur. How much could not be deter-
mined. In the Chickasha-Mangum 10-variety analysis, no significant 
differences among varieties were found. This indicates that the var-
iance due to varieties as well as that due to the variety by year inter-
action were small. In the 17•variety analysis as well as in the 
remaining dryland combinations this peculiarity was not found. The 
variety by location interaction for the Mangum-Perkins combination was 
not significant indicating that this interaction and the three-factor 
interaction were small. In the other dryland analyses the estimated 
interaction variance components were of the approximate size and sig-
nificance of the Chickasha-Perkins analysis. A comparison of the 
irrigated versus the dryland analyses reveals that more evidence of 
bias is available in the dryland tests, especially when estimating the 
variety by location interaction. 
Table XVII presents variance components calculated from analyses 
of variance combining years at each location. The varieties mean 
squares of the four irrigated experiments appeared to be biased upwards 
by the variety by location interaction. These results are not 
TABLE XVII 
VARIANCE COMPONENTS FOR FIBER FINENESS OVER, YEARS AT EACH LOCATION 
Location Over Years 
Chickasha, Chickasha, Mangum, 
Variance Irrigated Dr:i::land Dr;x:land 
Component 10 Var. 19 Var. 10 Var. 17 Var. 10 Var. 17 Var. 
2 2 .0822** .0510** .0593 .0389* (av + aVL) ---- --
2 2 .0113* .0158** .0478** .0454** (aVY + aVLY) ---- ----
2 .0460 .0565 .0629 .0606 --- ----aE 
*•**Significant mean squares at the 0.05 and 0.01 levels of probability, respectively. 
t Negative estimate for which the most reasonable value is zero. 
Altus, 
Irrigated 












unexpected since previous estimates of the latter component were large 
even where it was not affected by confounding. The variety by year 
interaction appeared to be unchanged in relative magnitude with the 
exception that at 4ltus in the 10-variety analysis it actually decreased 
in size. In the three dryland analyses there was no evidence of infla-
tion of the varieties components of variation. This could have been 
predicted since the variety by location interaction was found to be 
unimportant in dryland tests. In fact, the varieties mean square in 
the Chickasha 10-variety test w~s found to be non-significant. The 
estimates of variety by year interaction were inflated in every case, 
however. It is evident that the three-factor interaction was respon.-
sible for this bias intrpduce<;l. 
The data in Tables XVI and XVII indicate that the varietal variance 
for this trait is affected more by the variety by location than by the 
variety by year interaction under irrigated conditions. When varieties 
were evaluated under dryland conditions, neither first-order inter-
action biased the varietal variance to any appreciable extent. There-
fore, more gain can be expected from testing over locations than over 
years when ample moisture is available, whereas when moisture is limit-
ing, it apparently makes little difference how the tests are distributed 
as far as usefulness of information is concerned. However, to maximize 
breeding progress per unit of time, it would probably be of advantage 
to the breeder to emphasize locations rather than years. 
The data in lable XVIII are results of analyses of variance con-
ducted on individual tests in each environment. The varieties mean 
squares were highly significant in all cases. Interaction effects con-
founded in this mean square appeared to affect the irrigated tests more 
Year and Variance 
Component 
1968 
(~ + ~ + 
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VARIANCE COMPONENTS FOR FIBER FINENESS AT EACH LOCATION IN EACH YEAR. 
Chickasha, 
Irrigated 















10 Var. 17 Var. 
.1622** .1543** 
.1791 .1899 
*•**Significant mean squares at the 0.05 and 0.01 levels of probability~ respectively. 
Altus, 
Irrigated 















than the dryland tests. This can be explained by the fact that irri-
gated experiments were found to contain substantial two-factor inter-
actions which were greater in magnitude and importance than the second-
order interaction found in the dryland tests. Even though considerable 
bias was detected in some of the preceding analyses of variance, in 
almost every case, the varietal variation was the most important source 
of variation. It is apparent that conclusions based on an individual 
irrigated test appear to be less sound than are those from a single 
dryland experiment, 
Strength 
Calculated variance components derived from analyses of variance 
combining multiple locat:ions and years are presented in Tables.XIX and 
XX for zero and one-eighth inch gauge stelometer fiber strengths (T0 
and T1), respectively. For the four 7 location, two-year analyses the 
variances among varieties were highly significant and greatly over-
shadoWed those due to genotype-environment interactions, regardless of 
the measurement of fiber strength used. The variety by location and 
variety by year interactions were significant at the 1% and 5% levels, 
respectively, for T0 and neither were significant for T1. The reverse 
was true for the second-order interaction, that is, it was non-
significant for T0 and significant for T1• Practical implications are 
that no problem should be encountered in testing varieties or lines for 
this trait in single environments. These results corresppnd very 
closely to those of Murray and Verhalen (32) and of the other research-
ers, indicating that this character is fairly stable from one environ-















VARIANCE COMPONENTS FOR O" GAUGE FifER,STRENGTH 
OVER LOCATIONS OVER YEARS 
Locations* 
1,2,4,5 10 Var. 
l&4 
.'~t9'""~'"''~''~·,,, 
.0331** .0176** .0334** 
.0046** .0016* .0020** 
.0006* .0015* .0015* 
.0004 .0001 .0002 








*,**Significant mean squares at the 0.05 and _ _!).01 levels of probability, 
respectively. 
t Analyses involved 10 varieties unless othei;-wise stated (see text). 
:f: Location 1 is Chickasha, irrigated; location 2 is Chickasha, 
dryland; location 4 is Altus, irrigated; location 5 is Perkins, 
dryland .. 














VARIANCE COMPONENTS FOR 1/8" GAUGE FIBER. STaENGTH 
OVER LOCATIONS OVER YEARSt 
Locations* 
1 4 
1,2,4,5 10 Var. 19 Var. 
.0293** .0215** .0174** 
.0006 .0000¢ .0000¢ 
.0003 .0014 .0004 
* .oou · .0018* .0015** 
,0109 .0081 .0080 
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*,**Significant mean squares at the 0.05 and 0.01 levels of probability, 
respectively. 
t Analyses involved 10 varieties unless otherwise stated (see text). * Location 1 is Chickasha, irrigated; location 2 is Chickasha, 
dryland; location 4 is Altus, irrigated; location 5 is Perkins, 
dryland. 
¢ Negative estimate for which the most reasonable value is zero. 
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.A reanalysis of the data combining irrigated locations over years, 
using both 10 and 19 varieties, resulted in no basic change in the mag-
nitude of the variance components for T0 and T1 •. Differences of inter-
pretation due to comparisons of 10-variety versus 19-variety analyses 
were at a minimum. When the two dryland locations were analyzed over 
years, significance levels in some of the interactions were different 
from those above. For T0 and T1 the varieties mean square was highly 
significant while the interaction effects were all small and non-
significant. Whether the tests were conducted under irrigation or on 
dryland apparently caused no contradiction with previous results . 
. A closer inspection of the second and fourth columns in Table XIX 
shows that the variety by location and variety by year interactions 
for T0 were more important under irrigated than dryland conditions 
while the second-order interaction- was affected very little. A glimpse 
at the same two columns of Table XX indicates that the three-factor 
interaction for T1 was more important under irrigated conditions while 
the remaining interaction variance components were generally unaffected 
by moisture availability. 
Tables XXI and XXII present variances computed from analyses of 
irrigated and dryland locations within each year. Biases due to con-
founding were small and not generally evident in estimation of varietal 
and variety by location interaction variances for T0 . Estimates of T1 
for the variety by location interaction for the two irrigated analyses 
in 1969 were significant. Since there had been no evidence of this 
interaction being significant in the combined analyses over years, it 
is probable that the second-order interaction was responsible for the 
added variation detected. For the Chickasha-Perkins dryland analysis 
Year and 
TABLE XXI 
VARIANCE COMPONENTS FOR O'' GAUGE FIBER STRENGTH OVER IRRIGATED LOCATIONS IN EACH 
YEAR AND OVER DRYLAND LOCATIONS IN EACH YEARt 
Locations:!= 
Variance 1 4 2,3 
Component 10 Var. 19 Var. 2,3,5 2,5 3,5 10 Var~ · 17 Var. 
1968 
2 2 




(O"~ + ~y) 
2 2 










.0318** .0394** .0537** .0341** 
.0028* .0015 .0000¢ .0056 




*,**Significant mean squares at.the 0.05 and 0.01 levels of probability, respectively. 




* Location 1 is Chic~asha, irrigated; location 2 is Chickasha, dryland; location 3 is Mangum, dryland; 
location 4 is Altus, irrigated; location 5 is Perkins, dryland. 






VAR!ANCE COMPQNENTS FOR 1/8" GAUGE FIBER STRENGTH OVER IRRIGATED LOCATIONS -.IN EACH 
. _ .. , . , . _ . _ , _ YEAR AND OVER DRYLAND LOCATIONS IN EACH YEARt 
Locations* 
Variance 1 4 2,3 
Component~----·- 10 Var. 19_Var. 2,3,5 2,5 3,5 10 Var. 17 Var. 
- - - ~ - -
1968 
2 2 (av+ aVY) .0226** .0170** .0243** .0364** .0210** .0154** .0214** 
2 2 
(aVL + O'VLY) .0005 .0009 .0034** .0007 .0057** .0038** .0029** 
2 
a E .0107 .0101 .0141 .0159 .0181 .0084· .0101 
1969 
(G2 + 2 ) 
V. GVY. .0233** .0185** ---- .0411** 
2 2 .0014* .0010* .000~ (aVL + "'VLY) ----
2 .0054 .0059 .0114 O'E ----
*,**Significant mean squares at the 0.05 and 0.01 levels of probability, respectively. 
t Analyses.involved 10 variet:l,es unless otherwise.stated (see.text). 
* Location 1 is Chickasha, irrigated; location 2 is Chickasha, dryland; location 3 is Mangum, dryland; 
location 4 is Altus~ irrigated; location 5 is Perkins, dr~l~nd. · 
¢ Negative estimate for which the most reasonable value is zeio. ....... 
0\ 
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of. T1 in each year no inflation of estimates was apparent. The remain-
ing dryland combinations had not been analyzed over years and, there-
fore, could not be compared to those obtained in the one year, 1968. 
The magnitude to which the varietal and variety by location interaction 
variances were inflated in each instance cannot be deter~ined. 
Estimates of variance components from combined analyses for T0 and 
T1 fiber strength at each location over years are given in Tables.XXlll 
and XXIV. When T0 is considered, a comparison of results obtained by 
b 1 'i • • h h f b' d h com ining ocations over years wit t ose rom years com ine at eac 
location (Table XIX versus Table XXIII) indicates that any bias intro-
duced into the data by growing varieties at one location was not of 
sufficient magnitude to be detected statistically. More evidence of 
upward bias is available for T1 , especially when estimates of the 
variety by year interaction for the irrigated locations are examined. 
In all four analyses that source of variation was highly significant, 
yet in the combined irrigated analyses (Table XX) a non-significant 
variety by year interaction was found. Clearly, the second-order inter-
action is responsible for the inflated estimates. However, the vari-
' 
etal components were much more important sources of variation, lessening 
the effect of the biased variances •. A glimpse at the .dryland locations 
confirms the fact that genotype by environment interactions were small 
for T1 under this set of conditions; no upward bias of any variance 
component was observed. 
The degree to which variety by environment interactions were a 
problem in individual tests can be determined from Tables XXV and-XXVI. 
In every instance, highly significant differences among varieties were 
found for fiber strength. These conclusions were also reached in the 
TABLE XXIII 
VARIANCE COMPONENTS FOR O" GAUGE FIBER STRENGTH OVER YEARS AT EACH LOCATION 
Locations Over Years 
Chickasha, Chickasha, Mangum, 
Variance Irri&ated Driland Driland 
Cor.:ponent 10 Var. 19 Var. 10 Var. 17 Var. 10 Var. 17 Var. 
2 2 .0190** .0390** .0443** .0707** (av+ aVL) --- ---
2 2 .0021 .0027** .0019 .0013 (aVY + aVLY) -- ----
2 .0142 .0139 .0361 .0349 ---- ---aE 
*•**Significant mean squares at the 0.05 and 0.01 levels of probability, respectively. 
t Negative estimate for which the most reasonable value is zero. 
Altus, 
Irrigated 




















VARIANCE COMPONENTS FOR 1/8" GAUGE FIBER STRENGTH OVER YEARS AT EACH LOCATION 
Locations Qver Year• 
Chickasha, Chickasha, Mangum, 
Irrigated D:o:land DD?: land 
10 Var. 19 Var. . 10 Var. 17 Var. 10 Var. 17 Var. 
.0187** .0173** .0339** .0351** ---- --
.0021** .0014** .oooot .oooot -- -
.0053 .0058 .0100 .0114 -- --
*•**Significant mean squares at the 0.05 and 0.01 levels of probability, respectively • . 
t Negative eat~te for which the most reaaonable·value ia zero. 
Altus, 
Irrigated 












Year and Variance 
Component 
1968 
ca;+ a2VL + 






<av+ aVL + 
2 2 




VARIANCE COMPONENTS FOR O" GAUGE FIBER STRENGTH AT EACH LOCATION IN EACH YEAR 
Chickasha, 
Irrigated 



































Year and Variance 
Component 
1968 
(a2 + a2 + 
V VL 
2 2 




(a2 + a2 + 
V VL 





VARIANCE COMPONENTS FOR 1/8" GAUGE FIBER STRENGTH AT EACH LOCATION IN EACH YEAR 
Chickasha, 
Irrigated 



































combined analyses of variance conducted across locations and years . 
. Although one test's data may be biased to some degree, the results of 
these investigations certainly would indicate that multiple testing is 




SUMMARY AND CONCLUSIONS 
Conclusions as to the importance of genotype by environment inter-
actions for the six traits studied were based on relative magnitudes of 
estimated variance components and on whether the appropriate mean 
squares were statistically significant. Large and important inter-
actions of varieties with years were found for lint yield in most 
combinations of locations over years analyzed, leading to the conclu-
sion that testing for'this trait in multiple years is necessary. A 
differential response to growing seasons by opposite varietal types 
was considered to be a factor contributing to a large portion of those 
i~teractions. These findings were contradictory to those reported 
earlier in Oklahoma (32) where variety by location interactions were 
more prevalent. It will be necessary, in light of data from the two 
stud~es, to continue the present methods of testing varieties and lines 
in the state, that is, no reduction or increase in number of experi-
ments can be justified. The extent to which genotype-environment 
interactions affected the fiber traits in decreasing order of impor-
tance were: fineness, length uniformity, strength, and length, with 
multiple testing across environments probably necessary only for fine-
ness .. 
A subdivision of locations into irrigated versus dryland and a 
reanalysis of the data over years was used to determine the effect of 
83 
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differences in moisture availability upon interaction magnitudes. For 
lint yield the variety by location interaction was increased in one 
dryland combination (Chickasha-Mangum), the variety by year interaction 
was generally larger under irrigated than under dryland conditions, and 
the second-order interaction was fairly stable except for the Chickasha-
Mangum dryland combination where it was reduced. More emphasis should 
be made in evaluating yield over multiple years when testing under 
irrigated ~onditions. Genotype-environment interactions for fiber 
length and both measures of fiber strength (T0 and T1) were relatively 
unimportant, regardless of the level of moisture availability. Length 
uniformity was affected slightly; the variety by location interaction 
becoming larger under irrigated conditions and the three-factor inter-
action increasing on dryland. The magnitude of genotype-environment 
interactions for fiber fineness was increased under irrigation to the 
extent that tests at Altus and Chickasha were reconnnended with some 
emphasis being placed on testing over years. For dryland tests evalu-
ation in multiple environments was also suggested for fineness, but 
specific emphasis need not be placed on how the tests are distributed 
over locations and years. 
The bias introduced by genotype-environment interactions to 
estimates of···-ge-notypic' vai:iance when evaluation of varieties was not 
conducted at least at two locations and over two years was determined 
by comparing variance component estimates derived from combined analy-
sis over all environments with those derived from individual sets of 
environments. Definite cases of inflated estimates of varietal var-
iance were discovered for lint yield in particular with results from a 
single test being shown highly unreliable. Increasing the number of 
85 
growing seasons rather than the number of locations over which vari-
eties are to be evaluated would increase confidence in the results in 
most cases and reduce bias. Conclusions based on one test were found 
to be the same as those based on multiple tests when fiber length, 
length uniformity, and strength (T0 and T1) were considered. For fiber 
fineness there were indications that varietal variance was biased up-
wards by the variety by location interaction under irrigated conditions. 
Second-order interactions were also important for this trait, especially 
at dryland locations. Estimates of varietal performance for fineness 
should be made from data ~t more than one location if moisture is not 
a limiting factor and from multiple tests over locations and years if 
moisture is limiting. 
In those cases where analyses of variance were conducted using 
both 10 and 17 or 19 varieties~ the effect of different sets of vari-
eties on the magnitude of genotype-environment interactions was 
determined. For lint yield it made very little difference whether the 
number of varieties was larger or smaller in most cases,.i.e., the 
implications remained the same. In three of eighteen possible compar-
isons, however, different conclusions were possible. One such compar-
ison was the 10- and 17-variety analyses involving the Chickasha and 
Mangum dryland locations over years. Analysis of the large number of 
varieties increased the importance of the first-order interactions con-
siderably. In the fiber traits, with the exception of fineness, no 
important changes were observed upon comparing analyses differing only 
in variety number. For the latter character, however, an analysis of 
19 varieties across two irrigated locations (Altus and Chickasha) 
indicated that first-order interactions were of greater importance than 
in the 10-variety analysis. Except for these rather rare instances, 
implications from analyses of variance for all traits were altered 
little by increasing varietal number. 
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